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Abstract 
Purpose of this report is to overview thermal hydraulic investigations which were conducted yet. That is to estimate the 
effects of the elevations of UIS (Upper Internal Structure) discharge and IHX (Intermediate Heat Exchanger) intakes on flow 
patterns, free surface disturbance and thermal stratification in hot plenum. From the results of the experiments, suitable 
elevations could be recommended by comparing some thermal hydraulic characteristics and self sloshing of thermal interface 
called as internal standing wave was observed in certain limited ranges of Richardson number.  
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1. Introduction
    The primary circuits of the pool-type LMFBR mainly consist of large plenums filled with liquid sodium in which 
important structures are arranged. The characteristic phenomena of the liquid sodium which may occur in the plenums of the 
pool-type reactor may be drift-currents, cover-gas entrainments from free surface, thermal stratification, thermal striping, and
natural circulation.  
    A lot of studies relating to these phenomena have been performed, so that the hot plenum of each own pool-type rector 
was subject to special thermal hydraulic designs. We performed basic water tests (ref.1) to grasp the characteristics about 
thermal hydraulics in a simple test section (that is a cylindrical shape vessel) simulating the basic geometry of hot plenum. 
Especially, flow parameters, such as Reynolds numbers and Richardson numbers, were selected as the most important 
parameters in the hot plenum design. 
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2. Experimental investigation 
2.1. Experimental facility 
    The facility was designed to be operated in both steady state and transient modes and consisted of a test tank, hot water 
loop, cold water loop, and control systems. 
    The test tank geometry was rectangular in shape (width: 90 cm, length: 90 cm, height: 90 cm) with side walls made of 
transparent glass plates better for flow visualizations. The internal surface of the test tank was reduced to cylindrical shape by 
inserting a 45cm radius cylinder made of transparent acrylic material which simulated hot plenum.  
2.2. Experimental conditions 
    The transient tests were performed in accordance with the Richardson number (Ri) defined at the core outlet. In the 
present tests, Ri changed from 0 to 2.4 according to the transient of both temperature and flow coast down. Time scale in the 
prototype was about four times of that in the tests. 
 The changes along the experimental time of Ri, temperature and flow rates at the core outlet were set at the transient test. 
The time and flow rate of flow coast down were fixed through all tests by changing the opening rate of the pneumatic valve 
along two linear curves. The coast down time and the flow rate into transient were also fixed at about 10 seconds and 25% of 
the initial flow rate, respectively. The temperature difference between hot and cold water was kept at about 50 .
3. Experimental results
3.1. Sloshing of thermal interface 
    In the two cases (low discharge with low intake and low discharge with middle intake) where distinct and prolonged 
thermal stratifications were observed, the obvious oscillations of thermal interfaces occurred at the middle depth elevations. 
    The temperature changes of thermistors set on the UIS, plenum wall and the middle point between them are shown in Fig. 
1 along the experimental time. They indicated the relatively cyclic changes until the interfaces move away. The periodic times 
were relatively long, about 8 seconds. The two thermistors attached to the UIS wall and the plenum wall showed temperature 
changes with large amplitude oscillating conversely to each other. The thermistor set between them showed comparatively 
small amplitude of time-change. 
Fig.1.Cyclic temperature changes caused by sloshing motion of thermal interface 
3.2. Rising characteristics of the interface 
    In order to investigate behavior of the thermal interface, the second series of water tests were conducted. Table 1 lists the 
experimental conditions in which the experiments were performed in the range of Re number from  to 
at constant Ri number of about 4.0.  
342  Nobukazu Tanaka / Energy Procedia 7 (2011) 340–345
 
Table.1. Experimental conditions on effects of Reynolds number 
Q(l/s) Th(OC) Tc(OC) Ri Re(× 103)
A1 1.03 22.5 8.3 3.8 6.7 
A2 1.30 31.4 16.3 4.1 8.3 
A3 1.56 30.8 7.5 3.8 9.9 
A4 2.10 42.4 8.2 4.1 13.3 
A5 2.79 51.5 9.4 3.5 17.8 
A6 3.01 61.6 9.9 3.7 19.2 
    Fig.2 shows the relationship between the non-dimensional rising speed of the interface and Re number. It was found that 
in the range of Re< , the rising speed of the interface increased, however, in the range of Re> , it was independent of Re 
number.  
Fig.2. Relationship between nondimensional rising velocity of interface and Reynolds number. 
3.3. Temperature distribution in the vicinity of the interface 
    Fig.3 plots the relationship between the non-dimensional temperature gradients and Re number. In the range of Re< ,
the temperature gradients tended to decrease with increasing Re number, but in the range of Re> , it was independent of Re 
number. 
Fig.3. Relationship between non-dimensional temperature gradient at interface and Reynolds number.
    It was concluded from these experimental results in this particular geometry of hot plenum that in the range of Re< ,
the thermal hydraulic characteristics were dependent mainly on Re number, however, in the range of Re > , these 
characteristics were independent of Re number under condition of constant Ri number. Therefore, the thermal transient tests 
should be performed in the range of Re >  to examine the effects of Ri number only on the characteristics of the thermal  
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stratification. It is described in addition that the critical Reynolds number (Re = ) suggested in this section may not be a 
universal value.  
3.4. Effects of Richardson Number 
    Table 2 indicates the third series of experiments in which the thermal transient tests were performed under the condition of
Ri number ranging from 0.5 to 13.8 and large enough Re number (Re > ). Assigned Run numbers are arranged to increase 
with increasing Ri numbers. Typical values of Reynolds and Richardson numbers after a scram transient in a prototype 
LMFBR may be  and 19, respectively, where  ,  and the equivalent diameter of a core 
outlet D=3m. 
Table 2. Experimental conditions on effects of  Richardson number 
Q(l/s) Th(OC) Tc(OC) Ri Re(× 103)
B1 4.02 30.1 9.4 0.5 25.6 
B2 2.91 33.5 12.0 1.1 18.5 
B3 1.99 29.9 8.3 2.0 12.7 
B4 2.10 42.4 8.2 4.1 13.3 
B5 2.07 47.6 9.3 4.7 13.2 
B6 1.96 51.6 7.6 6.3 12.5 
B7 1.95 59.5 10.0 8.3 12.7 











Fig.4. Relationship between non-dimensional rising speed of interface and Richardson number. 
    Fig.4 indicates the relationship between the non-dimensinal rising speed dz*/dt* and Ri number. The value of dz*/dt* had 
a tendency to decrease with increasing Ri number. These relationships can be represented as a following equation: 
           
                                                                           1  
3.5. Temperature distributions near thermal interface 
    Fig.5 shows the effect of Ri number on the non-dimensional temperature gradients. The temperature gradient at interface 
varied proportionally with .
Eq.(1) 
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Fig.5. Relationship between nondimensional temperature gradient at interface and Richardson number. 
3.6. Internal standing wave ( self sloshing )  
    Photo 1 shows the typical patterns of the internal standing wave. The upswings of the internal standing wave occurred in 
the side of UIS and IHX, respectively, as indicated in Photo 1(a) and (b).  
Photo 1.a. In the case of the rising            b. in the case of rising in the side of IHX 
in the side of UIS. 
    The upswings of the internal standing wave occurred in the side of UIS and IHX, respectively,. The wave lengths of the 
internal standing waves were approximately of the diameter of the plenum (80 cm) and the wave height was 5 cm in this case. 
However, the wave height was dependent on Ri number. The maximum value of the wave heights was about 15 cm at Ri = 2. 
Until the interface reached the upper edge of the IHX intake in about 10 seconds after the test was started, the cold water 
discharged from the core outlet impinged directly to the interface, causing the instability of the interface. As the interface 
moves up slowly, discharged flow collided with the upper part of the IHX intake. Concurrently, the internal standing wave 
started to occur.  It was gradually increasing the wave heights of relatively smaller internal waves. After the internal standing
wave oscillated several times, its height and period approached constant values. 
    Fig.6 indicates the relationship between the non-dimensional periods of the internal standing waves and Ri number. It was 
found that the internal standing waves occurred in the limitted range of 1 < Ri < 5 in this specific geometry of hot plenum. The
non-dimensional period ( ) of the internal standing wave can be expressed as a function of Ri number as a following 
equation: 
     
at                                                              (2)
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Fig.6. Development Processes of internal standing wave. 
4. Conclusions
    The thermal transient water tests were performed to examine the effects of Reynolds and Richardson numbers on the
thermal stratification characteristics in a hot plenum.  
It was found that in the range of Re <  the rising speed of the interface increased and the temperature gradient at the
interface decreased as the value of Reynolds number increased. On the other hand, in the range of Re >  the rising speed
and the temperature gradient were found to be independent of Reynolds number. 
    It was concluded that the rising speed of the interface and the temperature gradient at the interface varied proportionally
with  and , respectively. 
    In addition, in the range of Re >  large scale internal waves were observed. It was revealed that the internal standing
waves were generated in the restricted range of Richardson number, (1 < Ri < 5). Their non-dimensional wave period was
found to vary proportionally with .
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